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The rr ^"^^^^"^S.^^P:,^^^^'^ <^f the DNA sequences of interest in nonnal and tumor tissues 
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normal ttssues as compared to tumor in the same tissue type. ^ 
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By J. Christopher Grimaldi and Timothy C. Meeker 



Cfir«nosoffl8l translocations have proven to be important 
imarKors of the genetio abnormalities central to th« patho- 
genesis of cancer. By cloning chromosomal breakpoints 
or>» can Identify activated proto-oncogenes. We have stud- 
te<l a ease of B-tineage acute lymphocytic leukemia (ALL) 
tH.at wae a««H5l«ed with peripheral blood eosinophilia. The 
c^mosomal translocation t(5:14| (q31:q32) from this 
sample was cloned and studied at the molecular level. This 

17-ARYOTYPIC STUDIES of leukemia and lymphoma 
have identiBed frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
inmanoglobulin heavy chain (IgH) gene with important 
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rans^on Joined the Immunoglobulin heavy chain loin- 
ng(Jh) region to the promoter region of the u;torleuir3 
<IL-3) gene In opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer olthelmmunoglobulinheavy chain gene ma^ Play 

Lsroirir-^--'^'^*'-''-'^^^^ 

• 1989 by Gruna & Stntton, liw. 

protooncogcnes. such as ^mye and bel-2}* In this wiy. the 
tgH gene can activate protOH)ncogenes. resulting in disor- 
dered gene exprMsion and a step in the development of 
canc<^. The investigation of additional nonrandom transloca- 
tions into the IgH locus aUom us to identify new genes 
promoUng the generation of leukemia and lymphoma 

A distmct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-Iineage phenotype. associated 
eosinophiha m the peripheral Uood, and a t(5;14)(q3l a32) 
chromosomal translocation.^ This syndrome probkbly 
OWOT In <1% of aU patients with ALL. We hypothesized 
that the domng of the translocaUon characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this trandoca- 

tlOD. 

MATERIALS AND METHODS 
SampkandDNAblots. A bone marrow aspirate from a repre- 

Bri ^r^pir' ^"^ by F«nch.Amerl4n- 

British [FAB] criteria), peripheral eosinophnia (up to 20 000 uer 

tmSlr.™ , ""T"' Of <350 per microli.er) and a 
US.I4)(q3I;q32) translocatwii was studied. Using published meth- 
ods. eenoaiicDNA was Isolated and DNA Wots were made.' Briefly 
10 ;.g of high molecalar weight (mol wt) DNA were digested usine 
anappr^iate resirtcUon enzyme and electipphoresed on a OJll 
. The gel wa, rtahied with ethidium bromide, photo- 

graphed, ^tured. nentralfaEed. andtransferred to Hybond (Amer- 
Jham. Arltogtott Heights, IL). After treatment of the filter with 
nltrawlet hght. hybridhato w«, performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauiyly sulfate (SDS) and exposed to film. The human 
Jn probe has been previously reported.* 
Gatomie Ubrary. The genomic library was made using pub- 
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Mml«r"f •'"^""'^ '"''"e v^ere cloned into 

Sei!»^ m"'^ 'IT"'"' '«™'''»l'<'n method u^tag 

Sequenase (United Stales Biochemical. Qeveland) ' All seou«.r5 
data were derived fton, both strands. All sequence 

RESULTS 

AlTTf"^ '^'"P'" f^-" « patient with 

ALL and associated peripheral cosinophilia. Karyotypic 

analys.sshowedthecharact«5ristict(5;14)(q31:q32)tr3^ 
cation. These features define a distinctive subt;^ of A?L ^ 
The leukemic cells were analyzed for cell surface phenotype 

B4 (CD 9) cALLA (CDIO), HLA-DR, and termini 

mununogiobuhn. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic Uneage ' 
The leukemia DNA was analyzed by Southern WotUng for 

^JJS*' t "x"^'' '^ar^ane^l band was detected by 
fccRl, ff.^n. Sstl. Sau3A, and EcoKl plus ^/«ail 

Ifig 1). The immunoglobulin Jh region from the other allde 
wa. presumably either deleted or in the gennli JSp^! 

We hypothesized that the t(5;14)(q31:q32) juxtaposed a 



GftlMALOl AND MEEKER 

growth-promoting gene on chromosome 5 with the imn.. 
globulin Jh region on chromosome 14. TheXe aTe^o^^ 
library was made from the leukemic samnll l^ 
With a Jh probe. Fifteen distinctSle'trwlTS 
and screened for the presence of the rearranged SsA 

InT^'fi""',*'' '^"^"^ ^NA blottinrBy thS 
analysis, five clones appeared to rcDresent th^ L« 

aUe.eide„UfiedbyDN5rb.ots.(5:eXrcon^^^^^^^^ 
4) was chosen for further study and a detaUed SotZ 
map was generated. The BcoM, Ml/ff.oRl.?S S 
fragments from clone no. 4 that hybridized to tKman Jh 

from tr?'r '^"^^^ Smenu 

from the leukemia sample., confirming that clone no 5 

represented the rearranged leukemic allde * * 

ifZ^toS,T^o»' * ^ "^ °f """^own origin 

joined to the IgH gene in the region of Jh4 (Rr 2) The rlu 

S2'^°"r'''J^*'^'""«eion appeared iffetS^^^ 

SCo"r-,?:rh:X;'* ^ene encoding hema^pSllS'^- 
Brgwm lacior iL-3 had been mapped to chromosome 5oi i 

eer-^X^i.*''' f '^-^ ""^ "^^^ conSrraJt'jf 1^^ 
gene, when Ac restriction juap of human IL.3 and 
no^4werecompared,theywereidenticalforio4?^^^ 

We confirmed the juxtaposition of the IL-S gene and the 

^'T^''' 2). The sequence of oTSS 

mentshow«lnodKn,ptionoftheprotcincodingrfrionoV?he 

n^erRNAoftheII.3gene.TT.eb,ea^ 

occurred m the promotor region. 452 base pairs fb»t 

upstream of the transcriptional start site (positiSn K^S 
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3 A.> Tlie break in the IgH gene occurred 2 bp upstream of 
the? Jh4 region. Between the two breaks, 25 bp of uncertara 
origJn (putative N sequence) were Inserted."-" No sequences 
hor^ologous to the immunoglobulin heptamer and nonamer 
covi-lii be identified in the IL-3 sequence (Fig 3B). Therefore, 
nui^feic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tioi^l orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to -the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
tei«nncreon chromosome 1 4q.^** It has also been shown that 



GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation/* Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more ccntromcric, and the 
GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent fcatureof a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promotor, the IL-3 gene appeared 
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lACCTCCAAGGTACA 
TQCTGCTG 





3'GTGTATATTCCGCCCTCCAACiUVCGGTTGAGAAGTCTC^^^ 




:acggaggacggcta 
ssgactccaagctcccatgacccagac 

"^'"^IGGTTCGAGGGTACTGGGTCTG 



5'AACGTCCTTGAAGACAAGCTGGGTTAAC 3* 
3*TXGCAG6AACTTCT6TTCGACCCAATTG 5' 



3 ftCg<?gGGTCATCAGTygCATOAGTSm£ACCCTCCGGGGTAATTCCCCACGT^^^ACT^^ 
++-MH-+-I-H-H-+++++++++++ 

Cl.«4 f|^^S2SSSSi!iS'*S''^^^''*<^*<5AGGTAATTCATCATAGCTGCGGAOT^ 

3 ACCGGGGTCATCAGTTTCATCATCTCCAOJTAAGT AGTATCGACGgCTA t.TC.afcnri.r'Pr.n^rn^ rr^.g^ 

+-i-t'++-(~t-++++4++-t-H~t-++-<"f- 

11-3 1 1 SSS™^S^^^*''^^^'™^^'5AGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
3 CCGTGGTTCTCTACACGAAGA6TCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

lu.i^SJL ** breakpoint raslon. (A) Nucieotid» .eqiienee of the BaSMHpa fragment Indicated on Fig a 

Nucleotides 1 to 38 represent the JI.4 coding region underiined on the coding strend.' Nueleotid«s 39 to 63 ere s putetlvVli reSon Tl« 
SiSI.rSSr*"'"/*,.*' "--3 9ene - The IW TATA box 1486), transcription startTsi W. anS wSe^ 

methionine (687) are underlined Two proposed regulatory sequences In the promoter are marked by asterislcs (posftions m andSMMB^ 
SZT^n!:^ *'"i»f'-^fW«'3'"*^> The l8Jh4 region I. shown with Its cedi!^ rS^S-^S-S 

T^^'.^T * " """^ «»'»"«"»«»« underlined. The H.-3 sequence Is also shown. A rios^ (4^ 

denote* the Uentlcat nucleotide bMween sequences. No heptamer or nonamer Is Identified in the 11^ sequence. « «*in f+» 
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W^erted by restriction mapping of the entire gene and 

aimcated at the Jh4 region, which places the immunoglobtt- 

S>e ^v^r ."'^ gene.'"* TWs l« Js to 
the hypothesis that the enhancer is increasing trans^ntion 

Jr^ri-orrs^^r"^^^ 

auS:Xr'i'^i:^«;« « V gene suggests that an 

>e«kcmla.»o^^ ^."^^ Pathogenesis of this 
»• Over-expressK>n of the IL-S gene coupled with 
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theprwenceof the IL-3 receptor in these cells could acco,.„» 
for a st«,ng stimulus for proliferaUon. In this regard^" 
a« data indicating that immature B-Uneagc SoS! 
and B-Uncage leukemias may express the IllrSSo^^^^ 
An additional feature of this type of leukemia is th. 
dramatic e^sinophaia, consisting of mature fZs 11 w 
been hypothesized that the eosinophUs do not SJL 
maUgnant done, but are stimulated tJ tSnumoT^^" 

BecauseoftheknowneirectoflL-SoneoslnopStdS^e^^^^^ 
uon. secretion of high levels of IL.3 by lcuke?5ocSb SIm 
have a role in the eosiaophilia in this tjpe onZ^^n'^''' 
is aJ^veln t^H ?^^«»•^Wnation mechanism that 
olJTn fh " f S!"^i'!^^"8 "WinaJ differenUation has a 

point loMtion at the 5' end of Jh4 and the prien^S 
p»teUvoN-«8io„seque„ces.Ontheothcrh^S Sor^^bf 
Jiauon signal sequence (heptamer and noname ) waH^S 
m this region on chromosome S/suffiesUne ttat T^sf? 1 

mechanism of thu, and other translocations. 

gtobulm enhancer also activates the GM-CSF eenTlh^^ 
^geoefaprobablypositionedonly 14kba^y(S) -J^ 

SSrki?5*«?5 *"-8-f enhanccracuSn^^ 
mterlentan-5 (IL-5) gene maps to chromosome 5a3i » 

DeregulationofthelL-Sgenebythistransloca^TiouML 
syne^sUcally with IL-3 in the sUmuUti^ rSocM 
prohfcration and differentiation." TT^s^ „rot!errS 

rnYo-Se^M:;~ 
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RAPID COMMUNICATION 

By Timothy C. Meeker, Dan Har<,y. Cheryl W.,.,an. Tho.as Hogan. and John Abrams 



Tho t(5;14){<,31;,,32) translocation from B-lfneaoo acut« 
lymphocytic leukemia with eosInophiltahL been cS 

fl^a^^i^ . • Oeneandthe Interteukln^ (IL-3) genHn 
one patient, excess IU-3 mRNA wae produced bv ^2 
toukemfc cells .„ the «eoo™i patient. s'eSrKs fevels 
were measured and shown to correlate whh dSe 

A NUMBER OF chromosome translocations have been 
£i assocmted with human leukemia and lymphoma. In 
many cases the study of these translocations L led to tS 

tlTZ^I '''T''^^'^ of pnito-oncogenes. such as 
bch2, c^/, ^ c^yc^ that are located adjacent to the 
^to«Uon.« It is «ow widely understood that ca^J^! 
Bssoct^toi transloeations disruptnearby proto^ncogenes. 
»h, . "^'r ^ characterized by 

VftA^^^" '"^""ophenotype, eodnophlHa. and 
tJir^^'^l^'^^^u^ trandocaUoa.« Leutenic cells from 
.sachpaiientshavebeenpositivefortenirinal*^^ 

SSM2\ «'"?^,r-'y-PhoblastirieukeU 
anftgen (CALLA). and CD19. but negaUve for surface or 
q^pb^c mununoglobulm. In previous work, we cloned 
the t(5;I4) breakpomt from one leukemic sample (Case 1) 
and determmed that the IgH and interleuMn-S OL-S) een^ 

ttose findmgs by showmg that the t(S;14)(q31:q32) translo- 
«Uo« from a second leukemia sample (Ca^^ 2) has a siJar 

ZT^:r^zr ''"•'^ 

MATERIALS AND METHODS 

C^a^yi^'^J'ir- "^'^^ described." 
SSIIr ^fr^ Case Z have been described in detaiL' DNA 
^ Southern Wotting was done nsfag previouswTes^hed 

cWA ^ '"e*"*. «» h!^ 

??*AisoIalionandNorthembIottinghavebeen 
total RNAon l«agarose-fom.aldehydegeb. EqwdR^loaXa if 

^ff y^'"' * P"'* ftom 2 of the IL.3 

fofymeraseehaiareaetion. Primers were desianed with BamHT 
s.t« ordo^OneprlmerhybridizedtotheJhS^i*^^^^^ 
IgH gene (Primer 144:5^TAGOAlXXGAaK}TOAC^GGGTn 
and the ether hybridized to the «gion of theTATA bSJtte^l' 
8»e(Pria«rl«:5'.AACAOOAT^<^I^^'Ji*^^^ 
PWjmeme d»h. wactfen (PCR) (95«C for 1 n2,„V^i^ ^ M 

?2 Ha fw^n'^Jr'"*"'"''^ lOOMLcontahUngsf ^ 
IDMSO). 170 *g/mL bovine serum albumin (BSA) (fracHon V), 

«i»e* Vol 76, Mo a Uuhr IB), 1990: pp 286-289 



activity. There was no evidence of excess orani.ior«»/ 
macrophage colony stimulatina factor 'KFT' . rB 
expression. Our data support the formutetton that hi! 
subtype Of leukemia may arise in part be«,Le of - 
chromosome translocation that activatt« r«^L , J- 

© laaOby The Amorican Society of Hematology, 

16.6 mmol/L ammonium sulfate, 1.5 mniol/L eadi dNTP t 
polymetase (PerMn-Ehner. Nonvalk. ^ " ^aq 

v-f done by chain termination in Ml3 

from a^malslteat pS 
t^l^^ J* " P™P°''*<' transcription initotion? 

toanJVfteIs.teatporition-64iThcplasmidcontaLnolMl~^ 

wasagif.fromNaol»A«uofthepNLS::S,i''*" 
£x/>r«rfo;.,„ci„7f.//,. AgenomiclI.3fragmentf™mCase 1 
was doned u,to the pXM exp«ssion vector." Bn^y. thTSai} 
Sal I fragment containing the IL-3 gene was subcLed ^Tfcl 
previously described phage clone 4'i„,o "uCW^Se^ S 
fragment extending from the Sma I site 61 bj «Sea« of thVnS 
toinscnptlon start to the S«« r site in the potylhSw^ 

die pXM vector without insert. Plasmlds weiefatiodue*! tatoC^ 

menfi^^Trk"?^' f""^ J>»«aged fa RPMI 1640 supple- 
mented with 10% heat inactivated fetal bovine serum 1 rZZ 

Lgluummcand 1 «8/mL human GM-CSpSSSll^Xd 
^swereditotedtothis same medium laddngaS 
mgpemcdhnandstreptomycin.A25^vohmeof«erialdflSom^f 
ErSSl^^S^" to wens fa a flat bottom JS-JSltS: 
wi tdd^ M ?:^^! "T*"""^ "»«b«ly fa e volume of 25 
WMadded toappropnate wells and pieiacnbated for 1 hour at 37ir 

ray mic^Utersof twice washed TWeelhw«ea^LlS 
givwg a final cen eemsefttrntkm af I x. 10« cdb wr 
volume. 100 ML). The phte was facabated for iTh^' 
remafafagceUviabiBtywasde.ermfaedme2ii;Vr«,S 
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Clone 



. Breakpoint 



anS^K '"TTfl^"}"- These assays .used rat monoclonal 
^^^^ anubodies (10 ^g/mL) to coat the welb of a PVC 

Stm.n^^^T""'*''*?^** BVD3-6G8. 

^ ^ BVD2.23B6, for the 11.3. 11,5, and OM-CSF 
asm ^Pf^wly. Patient sen. >»ere then added («ndOuted and 

J^?^^- ^ immunoreagents used were either 

mZ^^liT^ "'™^ niuoiodophenyl (NlPHerivatized rat 
^^^M^^S^** ^}-^^ BVD2.2JC1I. specific for 
IWMd OM^F. respectively. Bound anu-body.was snbsequenUy 
(»^lI?jrT°'^'^*^'*^8ates: ho«entdlsh pe^'dase 
m!aKS^^°^ anu-mouse Ig for IW, or HRP-Iabeled rat (J4 
steii?^ ^*^.'^r' ^''^•^P- 'J^aogenic sib- 
KTo; ?f '^''^"f"'*""**"'^'""** (ABTS; Sigma. St 
™!Z values were inteipolated from standard 

«n« pre^red from dUutions of ,l,e r^binant factor using 



RESULTS 

W<I^;^ *T 2 by Southern 

and hybndKcd with a human immunoglobulin heavy chain 

"7^1]^ rT^^ (data notd,own). When nS^Sobed 
with either of two different n.3 probes.ii leamnged 14 kb 



samp e studied was clonal and tt« a s/nri« J^*™*' 

:s^d^--^^-^-«--^"t.^':is^^ 

Uon-WhaecontrolDNAaavrnfl^R^:^^^ transloca- 
which wasdoncd^tiuS '^^'''''^'^'y ^80 bp. 

Sequence Llysbln'diJa^-l'riar?" ^^'^^ 
some 14 was just upstrwS of tte jS^'"* 
breakpoint on chroSTj^^'otJl"^ ''f 

seqnencesduringthetransSre^^tf^J^^^^ 
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IL-3 ACTIVATION BY CHROMOSOME TTIANSLOCATION IN ALL 

^ ^ 5^.5 6 7 8 9 10 
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1.0kb-*- 



-28S 
-18S 



^cunienttd that ihti r^re^^^^^^^^tT^' o»«r^xpr9«,lon of v«,fMce., 2.9 S^^ J^^.t'TS"*''''''''*''''''"'*'* 



S^Sr"^^ breakpoints in retotion to the 

J^^Tf' Cas« J «nd 2 suggested that a 

P"^"** over-expressed a result of 

IU3 gene on the ^anslocated chromosome was capaWe 
fialane IL-3 protein. This prediction was tested by Snw^ 
«g a genomic fragment from the translocated al Je ofCase 
I contammg aU live IL-3 exons under the control of 5.e S^ 
promotor/enhancer in the C«.7 ceU line. Cell sup^atZ 
vrere studied in a proliferation assay using the feXSn 

«^]^edmi proliferation, while supernatants from trans- 
fecoons using the vector alone were negative in this 

tr^C^, °^ ^^-3 A in leukemic cells 

excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is^ 

a^^ £ J "V*"*"" l*^^^*'" 3)- Several WinLge 

hS^„tSZ.r?%u*^r ^'^^ translocatif^ 
aad undetecteblc levels of IL.3 mRNA in these experiments 

to the 11^3 gene and might have been deregulated bv the 
jranslo^uon no IL-5 or GM-CSFmRNASTdett^d 
in the Icnkemic sample (data not 8hown).'»>«' 
Thi«e scram samples from Case 2 were assayed bv 

1). Semm 11,3 oouW be detected and correlated with the 
cUnicaiooune. When the paUenfs leukemic citoiSS^ 



SSSiirbe'^jel^J. ^ ^ or 

thf T*."" ^"^^ iaununoassay measured only immnnoreac 
tive factor, we conflmed that biologically active IL-3 w^, 
using the TP.1 bioassal? Thb bioa^ay i S 

Wriateneutraliziimoiw! 
ctenal Mtjbodies specific for IL-3. 11,5. or OU^F Ive 
observed that sera from 1-16-84 and 3-14184 contaS 

■l^ J^t 2P' MoAbs to IL.5 (JESl- 

39D10) or GM-CSF (BVD2.23B6) (Fig 4- GM-^P d»t» 

two samples correlated very weU with the difference in IlS 
levels obtamed by immnnoassay for these sam^l^^ W 
more, the faUure to block TF-1 p«)liferatfag'Lru^r^i 

^^t??^'-'' - " '"'^^^^y^ oonsLnJ^VS 
mabAty to measure these fecto« by iiunui^ay .anJ 

T*t« 1 . Peripheral Blood Count, and Growth Factor tovoi, 
atDHforontTlmaa bi Case 2 



S«nipl«Dat» 



ParlphBral blood counts (ceila/pU 
WBC 

Lymphoblasts 
EoslnophSIa 
Senim trowth fsotor levels (pg/cnL) 
IL-3 

6M-CSF 
IL-6 



11/18/83 1/16/84 3/t4/»iA 



81,800 
0 

46,626 

" <444 
<16 
<60 



116,600 
33,786 
73.080 

7,986 
<t6 
<60 



12.300 
0 
616 

1.061 
<16 
<60 



P-fcnt received chemotherapy 
Abbrevlaflon: WBC, white blood cells. 
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antocrine loop for IL-S is im,^^;"/; . 

Rented wou.d^'Tsrf.it;^;^?-,;^^ 

The final proof of our thesis must awah ^^Sst ^* 
particular, from the study of^iS^^^^' ^ 
will be necessary to doLZ^'S^^ ^^P^^ 
present onthe leukemic cells IrTLtL^lljr^^Z ^ 

de^easesprolifeationoftheleuSeiTLwS ""^"^^ 
An important aspect of this work UiU. 

11^3 can be documented in .h.-jT ^°*''"*™» loop for 
cr«iulating IL-3 ?"eK b^octlht -^r" '''^^ 
its receptor may prote,2eSrLi 'f^"'" 0-3 with 
U.e ^ophilia' rSS^n.^^jS^bTi'^^ 

Sir tiir^-j^^ or^ 



ofscussroN 

documented the joining of the IL^ «^ f!!^ ' 
to the leH Bene frnm chromosome 5 

V luc ign gene from chromosome 14 The bmirn^t.. 
chromosome 5 are within 500 hn lt *•» breakpoints on 



and 
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Sfgniflcance of the 
oerbB'2 (HER^2/neu) Oncogene 

Timothy P. Singleton and John G. Strlckler 
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BACKGROUND 

J^n ^'Sf IT^^"^ ^ 188* by three lines of invesaga- 

homology "^ItS"''''*'™'"^"'""]^^^^^^^ 
quently c-eriB 2 S?b o j sequences were determined subse- 

T^- „ L» r^f: also has been referred to as NGL 

OBHA (4,6 »), wbd. Imulatgi o-oiB-! proM» (pl85). Ha, 
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« \nomal component of cytoplasmic membHmes. Hie ceriB-S 
oncogene Is homologous with, but not identical to. c-criB-l, whfch is Sed 
on c Wosome 7 and codes for the epidermal g^wih factor r^tor 
er6B.2 protein ,s a receptor on cell membranes and has intracellular tyrosine 
lonase activity and an extraceUular binding domain.*-"" Electron micrZw 
w.th a polyclonal antibody detects <.er6B-2 ImxnunoreacUvity ^toSc 

meiT« t'^'"^^'"?' ''""y "^^"^^ non-villouTouter cl 

mcmbnmc « In normal cells, immunohistochemioal reactivity for c-erfeB-2 Is 

b^Ste. ^^'''^'^^ - '=yt<^>''^^'e membrane'l 

A« ^ "^P^^T"^^ ''^'^ P'°^«'» be involved in 

the pathogenesis of breast neoplasia. OveT,n,duction of other^vise normal c 

SlnUr ^ "'^S"""' phcnotype.» Also. 

Z^?J5f/^ """^H""* contaiiflhran' acHvaOnj? point mutation fe placed i^ 

devdop multiple independent mammary adenocaixtinomas.5.« In other ex^rtk 
ments, monoclonal anHbodies against the neu protein inhibit the 
nude mice) of a neu-transfoimed cell line.«^« and.immunizaUon of nS» wi£ 
tTns?™; ^?r^r ^">^^^'^^<-^^ t^r challenge >^th the C 
ni,K fcT ^ speculated that lie use of antago- 

nists for Ae unknown Ugand could be useful in future chemotherapy.« 
reWew of tbfe «perimental evidence is beyond the scope of this aSde. " 
The c^rfcB.2 activaaon most likely occurs at an early stage of neoplastic 

tion i,^ both in situ and invasive breast caRdnomns. In addition, studio rf 

""""^ uniform o.riB-a a^val'; 

at mulHple sites m the same paHent,".«».».«^ although c-«r6B-2 activatioh has 
nrely been detected in metastaUc lesions but not in the primaiy^SSi^ 
Even more rarely. ccriB.2 DNA ampUflcaKon has been detected in a p;imary 
ESSL'^'^T ^ '"i metastasis."* In patients wL ha^ 

bUateral breast neoplasms, both lesions have simflar patterns Qfc^rfcB-2activa. 
tlon, but only a few sudi pases have been studied.^ . 

MECHANISMS OF (>efdB-2 ACTIVATION 

The most common mechanism of c.erfcB-2 activation is genomic DNA amplifica- 
hon, wliich abnost always results in overproduction of c-eriB.2 mHNA and 
protein..T,3.«.« Ite cn^feB-^ mnpIificaHon may stabili«, the oveirTducJor^ 
mrojA or protein through unknown mechanisms. Human breast carcinomas 
mth c^r6B.2 ampllHcatton contain 2 to 40 times more <h!t*B-2 DNA*» and 4 to 
128 times more c-«rfcB-2 mRNA«.»o than found in normal tissue. Most human 
breast carcmomas with o-«*B-2 ampMcation have 2 to 15 times more ceriB-Z 
Sl^^iiST' amplification tend to have greater oveiproduc- 

non. ^» The non-mammary neoplasms that have been shidied tend to have 
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dinlfer levels ofc-erbH-Z amplification or overproducHrin relative to the corre- 
sponding normal tissue. 

Hn. "^J* mechanism of oeriB-2 activation Is overproduc- 

tion of c-eriB.2 mRNA and protein without amplification of c-eriB.2DNA « 
mKNA and protein usuaHy are less than those in ampM^ 

S '"P^""^'"' ^'^'^ ^ few human breast Jdnoma 

Other rare mechanisms of cerbB^Z activation have been reported. Thjnslo- 
^bons mvo vmg the c-er&B-a gene have been described in a fe^ mammary and 

^^t^"*^"^^ or incomplete restriction Enzyme digestions 
tlwtm,m.etransj«a.i««.3i.^^^^ 

b«ne portion of ,«« has been described in rat neu«,blastomas induced 
e%lnUrosurea>«T1,e mutated ne« protein has increased tyrosine iLsfactS^ 
Sn' twT^'!^M' cell n«„brane.««« Although them has bS^^. 

wE'^^Sl^P"^"^ may ^ntaln point mutations « 

none has been detected in primary human neoplasms. «.».n 

TECHNIQUES FOft OETECTNG t-erbB-2 ACTIVATION 
Detection of o-erbB-2 DNA Ampltf leation 

Amplifloation of o-cr6B.2 DNA is usually detected by DNA dot blot or South- 
em Wot hybrldkation. In the dot blot method, the extracted DNA J pS 
direcUy on a nyton membrane and hybridized with a <>er&B-2 DNA probe. In 
™!l ? Wot method, the extracted DNA is treated with a rSwcHoJ 
enzyme, and the fra^ents are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfeB-2 DNA probe. In both tech- 
niques cer6B-2 amplification is quantified by comparing the intenXS- 

r»MA^*'"'^fl*^''^"*"'lP""?°" complicate the measurement of c-erfeB^ 
DNA ampMcabon. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA firom stromal celk*. Second, the c-ef6B.2 IDNA 

JSr 9"'"'!< ^''^Pl^' oligonucleotide o- 

er6B.2 probes may not be sensitive enough for measuring a low level of c^rJB- 

1- W J**x '^SL ^T^^ ^^^"^^ ^ numbers can be dilBcult to detect (unpub- 
hAed data). Third, the total amomits of DNA in the sample and control llLue 

1.*'°'"^''°/''**'' " P"^** *o «« unampMed gene. Many 

stu^ have used control probes to genes on chromosome 17. the location of o- 
cr6fl.2, to correct for possible alterations in chromosome numbet Identical 
results, however, are obtained by using control probes to genes on other eh«>- 
mosomes.fc«.» with rare exception." Studies using control probes to the beta- 
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globin gene must be inteipreted with caution, because one allele of this gene is 
deleted occasionally in breast caroinomas.* ■ 

AmpIificaUon of c.er6B-2 DNA was assessed by using the polymerase 
ohjn rea«Mlon (PGR) In one recent study.« Oligoprimers for the cerbB^gene 
and a control gene are added to the sample's DNA. and PGR is perform^ If 
[we contains more copies of c-erfcB-2 UNA th^ of the control gene, the 
««riB-2 DNA Is replicated preferentially. ««oJ8ene.uie 

Detection Of c.ertB-2 mRMA Overproduction 

Ove^roduction of ^^rbB-Z mRNA usually is measured by RNA dot blot or 
Northwn blot hybridization, ^th techniques require extraction of RNA but 
^F??? 1"^!?°'*!^"',*^ hybrldizaHon. Use 
ItoftsSai ^^^'^ ''^^ ^"^^ ^'^^ ^ t*'" «*nt 

Overproduction of c-erfeB-2 mRNA can be measured by in sku hybridiza- 
S 5«^on8 a^e mounted on glass slides, treated wiUi protease, hybridized 
with a radfotobeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen onbr over 
tTK« i'^ overproduce c-erftB-a mRNA. Negative control prolL are 
^ed^.«acs ourozpexiMice indicates that the^ 

tiye for detecting o<r&B-2 mRNA oveiproducdon in routinely processed Us- 
sue. Although the sensitivity may be increased by modifications that aUow. 
simultaneous detection of ^erfeB-2 DNA and mRNA. 1» situ hybridization still 
iS cumbersome and expensive (unpublished dat^. 

1 ^ f *^ ''^''^ mRNA detecUon techniques have several prob- 
Sm! ??r* ^^'^ ^ P^'*'™ techniques for delating 
UNA mphficaUon. One major problem Is the rapid degradaiidn of RNA 
tissue that is not immediately frozen or fixed. In addition, during tihe detection 

hrSi'wff^'^ T ^ ^^.^y aubiquitops enzyme, which must 

be ehimnated meticulously fir«i6 laboratory solutions. Tliird, control probes to 
gewteftat are uniformly expressed la the tissue of interest need to be earefiilly 

Detection of o-erbB-2 Protein Overproduction 

Tlw most accurate methods for detecting c-erfcB.2 protein overproduction are 
me western blot method and Immunoprecipitation. Both techmques can docu- 
ment fte bmding specificity of various antibodies against c^6B-2 protein. In 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred toa membrane, and detected by using an- 
Hbodi<» to c-erfcB.2. In immunopreolpltatlon studies, antibodies against c-erfiB- 

2 are added to a tumor lysate. and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protem. Both Western blot and 
inununopredpitadon are useiiil research tools but currently are not practlcnl for 
diagnostic pathology. TWo recent absbrocts have described an enzyme-linked 
immunosorbent assay (EUSA) for detection of c-ertB.2 protein. >M5 
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Overproduction of c-erbB.2 protein is most conmionly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partiaUy by three factors. First, various 
studies have used- different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak.bands iii addition to the c-erfcB-2 
protein band on Western blot or immuniiprecipitatlon. the results of these 
studies should be interpreted With cautlon.«^«.« Even some monoclonal ana- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (pl85) a».«9.s6 
Second. Ussue fixation contributes to varlabiUty between studies. Bbr exainple 
some anubodies detect c^riB-2 protein only in frozen tissue and do nof react 
in Jjxcd tissue. In general, formalin fixation diminishes the sensitivity of 

• |'""™''0*'^top»'en""oaI methods and decreases the number of reactive cells «» 
IrJ^I!'"/ V^^f f^'^ "nay^te a h#fic,perce,itage of positive 

n 'i ",!r"^, f^*^ '^f interpreting immunohistochemical staining 
are generaUy lacldng. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for o-erbB-Z activation in breast 

• rarcinoma, the number of positive cells and the staining intensity required to 
diaffnose c^rhB-Z protein overproduction varies from study to study and from 
anubody to antibody. Degradation of protein is not a problem because 

T ^l^^^^^l"" fonn ««>» than 24 hours after tumor resection 
witltoutiixation orfi«ezing.o< 

ACTIVATION OF c-erbB*2 IN BREAST LESIONS 
Incidence of c-er6B-2 Activation 

Most studies of oncogene activation do not specify histological sub- 

types of infiltrating breast carcinoma. Ampliflcalion of i«r6B-2 DNA was found 
m 19.1 permit (519 of 2715) of invjisive carcinomas in 25 studies Clkblo 1). and 
ti^js 7 " or protein overproduction was detected in 20.9 percent (568 of 
fJSo V^"'^ ^"^^""^ ^ 20 studies. Twelve studies have documented c 
ere&a mRNA or protein overproduction ih 15 percent (88 of 604) of caicinonias 
that lacked c-erfeB-2 DNA amplification. " ^ ' 

'.^^^"^^^ f activation in infiltrating breast carcinoma varies 

with the histologica] subtype. Approximately 22 percent (142 of 650) of infiltrat- 
mg ductal carcinomas have c.er6B-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent o^fcB.2 activation are 
inflaroroatoiy carcinoma (62 percent, 64 of 87), Pagefs disease (82 percent. 9 of 
11). «md medullary carcinoma (22 percent. 5 of 23). In contrast, c-erfcB-2 activa- 
ton is Infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The o-erbB-2 protein ovorproduoUon is presentin 44 percent (44 of 100) of 
irSr^?'*"'" ^ ^ especially comedocardnoma In situ (68 percent, 
JJr' «»»cropapillftry type of ductal carcinoma in situ abo lends to have 
certB.2 acHvation.**"^ espedaUy if lai^r cells are present. The greater fre- 
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172 T.R SINGLETON AND J.Q.STR1CKL£R 

reTwjiTn^H''"?^ overproduction In «,medocaroinon,a in situ, con,- 

^r^oij.^ acUvation,"^M although some authors have noted more hetero^npiK, 

?oUTj:r^^^^^^ - invasive Z f;r^^^^^ 

noma.*^.«.Be Activafen of «r4B-2 is infrequent in lobular carcinol n si^ If 

S^/? 1 /''T'^""*^^^ tends^ occur in the comedocannnoma in site 
er&B 2^^^^^^ other areas of ^cinoma in situ.^« OverproducW^ 

wl ^^^""1?^ ""'^r*^"^ in benign breast lesions 

mcluAng fibracysHc disease. 6bn>adenomas. and nidial sms ffabTel) sSf^ 

Jnatypicalductalhyperplasia, dthou^ 

been noted Infrequently. m nonnal breast tissuer^SS 

for 1 P'^^^^^f? suggest diat c^rfeM activation may not be useful 
1?'''"^''''*"' ^"dP^PllWc^cinomainsttu, detectionS^. 

hilts 

c^^r£,B-2, are unlikely to be mistaken for those of benign lesions. Activation of 

TABLE2. <>^^ MACTVATONINBENteMHUMANBREA8TUW ^^ 
HIstotoglcal Diagnosis 



e>ef6B-2DNA 
AmpUficatfon« 



R)rocystlcd]se 
Atypical ductal hypetptaala 

Benign ductal hyperplasia 
Sclerosing adenosis 
Fibroadenomas 

Radial scara 
Blunt duct adenosis 
"Breast mastoals" 



Mr6B-2iiinNA 
Ove^rocluctlon 



o^/l»B-2 Protein 
Overproduction 



o/io« 



0/16,«0/6,w 



•0/32,» 0^,88 Q/gw 

2(weak)/2l« 
1(oyioplasmio)^33» 
0/1 2M 

0«1r"W10,M 

0/22» 



•Shown as numbarcf cases wimacuvallonmumbarirf case, mu^ 
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hh^ttt°^''''''''J°l' ductal carcinoma over infiltraOne 

lobular carcinoma. Further studies of these issuer would be useful. ^ 

tSl^Tf With Pathologic Prognostic Factors 

Multq,le studies have attempted to correlate 0^68-2 activation with vSous 
padiolosic prognwUc fecto« (Table 3). Activation of o-er6B-2 waTcoJ^S 

of 17 ienes. and with higher stage in 4 of 14 series. Large tumor si^ It 
«soc.a ed wath ^erbBf activation in most studies (11 of 14). rJi^oTrnt 
S;^^ « 'r "^^^"d by Ki-67. have heea su^^.t2r^ 

prognostic&ctors and may correhte with c-*r*B.2 acttvaUon." 

S^I^'T"? "'u"'*"'^***'"^*"**" Cllnlcal-Proflnostic Faetws 

S^SSe^v^rT^'^'^'!^* Activation of c^r&B^ 

wrdated Nvilh absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studiesrpaC Z 

fr^R ? "J"'^^ ""'^ '""'^^''^ ^'^*^*««»' J« Ae real of Si r™^^ ? 
erbB.2act,vatlonwa5assooiatedwltheIthery«mngeroroIderagBs. 

Correlation of o^rfeB-a Activation With Patient Outcome 

Skmon et al«.ei fir^t showed that amplification of the o^iB-S oncogene inde- 
S™Lh5' ^'^^^''J^^fi '^"'vival of palicnls with br«»t c^^a. T^e 
^rrelabon of c^rfcB.2 amplification with poor outcome was nearly as stn,„K 
^J^^^ltT"^' of ^nvo^ed lymph nodes with poor out^^ So" 
et fll also reported that c-erfcB-2 amphfication is an important prognosOe 
tor only m patients with lymph node metastasis.™." S«osaomaica. 
A large number of subsequent studies also attempted to correlate e^ri.B-2 

tween e-er&B.2 activation and tumor recunence or decreased survival. In five 
of these ser.es Ae predictive value of <^erfeB.2 activation was reported to bJ 
^T^ Z' °f lS^«««^fi«tors.In contrast. 18 sertes did aotconfl^ 
fteoorrelation <rf«rfeB.2 ocHvation with recurrence or survival. PburposS 
explanations for this controverey are discussed below. i~»«me 

^'u^T fl?** r^*^-^ amplification .coirelates with prognosis 
mainly in patients with lymph node metastasis. As summariasd in TAU 5 moS 
of patien ts with axilhuy lymph node metastasis showed" ^^ukTnof 

wiftout ariUary metastasis have not demonstrated a correlation with patent 

^1, u'^f Tvere considered as one group, niere is a trend for 
wf. a faster percentage of metastatic cases to show an association 
brt^en e^rfeB-2 activation and poor outcome. Uius. most of the ^uS 
evidence suggests that ,^«rfoB-2 activaUon has prognostic vahie only in patleirte 
with metastasis to lymph nodes. «oniym patients 
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<0.05 
<b.05 
<0.05 
<0.05 

<ao5 
<ao5 

<0-05 

<0.05 

<0,05 

<0.05 

<0.05 

<0.05 

0.05-0.15 

0,05-0.15 

0.05-0.15 

>0,15 

>0.16 

>0.15 

>0.16 

>0.15 

>0.15 

>ais 

>0.15 

>ais 

>0.19 
>0.15 
>0.15 
>OAS 
>0,16 
>0.15 



Typo of 

Activation^' 



DNA 

DIOA 

DNA 

DMA 

mRNA 

Prote/n 

DNA 

DNA 

DNA 

DNA 

Ph)telr^WB* 

Protein 

DNA 

Protein 

Protein 

DNA 

DNA 

DNA 

mRNA 

Protein 

Protein 

Protein 

Protein 

DNA 

DNA 

DNA 

Proteln-WB 
Proteln-WB 
Protein 
Piiotoln 



Number of Patients 



mm 

Axfllary 
Total l^mphNodez 



176 
61 
57 
41 
€2 

^102 



67 
189 

130 
122 
50 
57 
280 
185 
102 



345 
120 
81 
66 
350 
62 



120 



137 



VvV 


olQn&tiCal 




MetasfBsre 


AnelvalaB 


nvitsisiiGe 




M 


«7 . 




U 


50. 




U 


65 




U 


93 




u 


65 




M a-- 


10V 




M 


61 




U 


17 




u 


07 




M 


79. 




• M 


86 


44 


u 


101 




U 


111 






82 




U 


86 




u 


113 




M 


4 




U 


44 




u 


50 




M 


66 




U 


11 




u 


38 




u 


17 


1B1 


M 


81 


159 . 


u 


fr 


73 


u 


67 


378 


u 


86 


192 


u 


17 


141 


u 


86 


41 


u 


40 



•Shown aa VBrtable meafiuied Uttera "WB' IncilcatB miaflM htf w -.i. 
m - mulUvariato stailsHcal an^s; U - unlvBrfBlestatiBtoal analyala. 
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% of tumors wim 
lymph node 
metastBsIs In 
each stud/ 



70' 



. 60 



50- 



40* 



71 (DNA)'» 



61 (DNA)» 

69{DNA)» 
5B{Proteln)"i 



64(DNA)t" 



42(PiotBfti)» 



P<0.05 



o.os<p<ai6 



fl4{mRNA)a 
61(DNA)< 



68 (0NA)«4 
57 (DMA)"* 
«5(PfoleCn)» 

4a{Protefn)n 
46{Pfoiern)" 



p>o:i5 



are 



aB breast 
paremhosas 



no assodabon between himor recunrence and c-^rbB^Z acllvaHon.« 

A fourth problem is the lack of data regardlnK whether A, 
correlates better ^th DNA ampUflS^^ ^ mmAoJTZ 

overproduction. Most studies that find a delation Jltr^ri^Ta'^^:: 
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poorer survival TO.«t nZ^^. T i- Skater amplification of c-er6B-2 may have 

overproduction without DNra,„olJfiiHL , *'?'lflcan<?e of c-ar&M 

studies have atteimS^ ampUficabon deserves fiirther research, "-a Few 

tively less rdiaC ™Sds^^ch « ta^n^^^^^^^ 

clonal anUbodies. tamunohistoduanical studies ^vith poly- 

2^^3XwtrnJr?C^«^ - i-^n breast cancer 

UonSfe^v'^r " '^"^"^^ ^ oarclnoma^Tufc^c aitiv^ 

Overproductton of EGKR hZJ amplMled iti breast carcinomas." 

and may cSit^ 5S ' fi^'I"«>^»ly than amplification 

ertB 2^an^6ra^^L? ^r^"'^' ''i.'*"^^ ''^^^ ^^^^ both 

amplification of c^r6B-2 and rl^ilii i ^ ™ ^''^'ation between 

although at t^m^Ll'te,^^^^^ 

protein . EGFR mediates phosphorylation of c^r6B-2 

tS^ Itecent reviews describe EGFR in breast oaictaoma,Aioo 

. ^«f"esc-er6AaDdeflr-larehomologoustothethvK)ldhm™^o, 
tor. and they are located adjacent t<f<j^iBl on cbromS^" 
a™ frequently coampMed with la hr^Jc^ZZ^^fZ^ 

Sn^rileXSlne'rb ' ^^^T' " evidence a^:tti"C^ 

wiSr,^ flSLn^^^^^^^^^^ of c^rfcB-2 can oJcur 

Ld^l^^iS: deSr V^^' Platelet^erived growSS^'cSfJ 

» ii«ve suggested a correlation between advanced staie or n^mtrr^^^ ^ 
breast oardnoma and activation of any one of several CgSeT^ur^** 
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ACTIVATION OF c-Gri>B.2 IN NON-MAMMARY TISSUES 
inddence of c-erbB-a Activation in Non-Mammftry TIasues 

dJtected TS'Ia^""'^ ?m ""^^^ "^''^^^ has been 

detected, usuaBy wiU, munupohlstochemlca] methods using polyclonal anti- 



Tissues With 
mRNA 



Stoniach« 

Jejunum" 

Oolonw 

Kidney^ 



LungM 



Feial brains 

Thyroid* 
Uterus^ 



Placenta?* 



Tissues Producing 
e-efbB-2 Protein" 



Tissues Lacking 



Epldenmlsn 
Bdemsl root sheath^ 
Eocrlne sweat gtand^ 
Fetal Orel mucosa^ 
Fet^ osophagufi^ 
StomachM.« 
Fetal Intestine^i* 
Smell Inlfistlne^s^tt 
Colon»^a 
Faial kldney«* 

Fetal proximal tubulen 
Distal tubute^ 
Fetal collecting ducl» 
Fetal renal pelvis^ 
Fetal ureter« 
Hepatocytes^ 
Pancreatic acini« 
Pancreatic ducts^» 
Endocrine ceUd or fslats 

of Langerhans^ 
Fetal trachea^. 
Fetal broncWolesM-^ 
Bronchtoles« 



Fetal ganglion cellstt 



Ovary" 

Bloodvessels^ 



KMneysiM 



Tissues Laetdng 
C4rbB-2Pioteln 



Postnatal oral mucosa^ 



Qlon)erutUd^ 

Postnatal Bowman's capsuteBst 
Postnatal proxlmedtubule« 

Postnatal collecting duct^^ 
Postnatal renal pelvl8« 
Posmatal fetal uretertt 
Uver«»« 



Pancreatic isletstt 

Postnatal tracheaB 
Postnatal bronchlolBBPi 

Poetnatal alveolfu^ 
Postnatal braSn« 
Postnatal gangOon cells^ 



Endottielium" 

Adrenocortical cetis^^ 
Postnatal thymus^ 
Fibroblasts^ 
Smooth muscle oells« 
Cardiac musoleoells^ 



This protein study used Western blots; lha lesi used Immunohlstgehemleal nethoda. 
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bodies. Only a few studies have been performed, and some of these do not 

ivearthiT. :Tr°^^ £T wiKe 

elXuum ^""^^'"r oi<^rb^.2 has been IdenSfied i„ aonnS 

^SfT. . gastrointestinal tract and sldn. Discrepancies reEarfin7" 

c-«*B^2 activation in various non-maminary neoplasms 
been stuAeJ usually by Immunohistochemlcal methods using poIycSS 
SS^tfi" r'"^ '^^^ ^ because ^SetL 

. AcUvation of cseriB-2 has been identified in 32 percent {64 of 203) of 
SeSL^^ f si^ific^ntly more p«teln than ovarian non- 

carcinoma, had c^r6B.2overp„,ductlon without ampMcatio^^^ 
^-.hT^ «>er&B-2 has been identified in 20 percent (40 of 19Si of 

gastnc adenocardnomas in seven studies, mduding 33 per«nt% 6^ 2 



■I 



TABie 8. c^AM ACTWATON IN HUMAN GYWECOLQfiifi TUMORS- 



Tumor TypQ 



Ovafy— carcinoma, not otheiwlse 
epeciflsd 

Ovary-^serous {papBj^aiy) can^noma 
lOvary— entfometrioJdcandnoma- - 
Ovaiy—mudnous cardnoma 
Ovary^tear cell carcinoma 
OvBOf— mixed epiihefial cardnoma 
Ovary-^ndomerrtoW faorderflne tumor 
Ovary-^uclnouB bordertfne tumor 
pwy— serous cyatadenoma 
Ovary— mucinous cyatadenoma 
Ovaiy-^sdaroslng atromal tumor 
Ovary— fjbrotheooma 
Uterus-^andomeirial adenocarcinoma 



c-eidB-2DNA 
AmpJiflcaUon 



roRNA Protein 
Over- . Over- 
production pioduclKon 



31/120" 1/1l,sr 
2/7,1" 1/7,»t«0/B« 

0/1" 



23/73.12 
3e/72»t 



it 
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study detected o^rfeB^nml' • °? "'P'"*'"^' irtmunohlstochemlca] 

tlon. One st^dTfoun^i^f "^^^^ °f «i8h< Axed In Bouins solu- 

TABLED i^efliMACTIVATIONINHUMANGAS^^^^^ 




Stomadh- carcinoma, mtestlnal or luhular type 
^Stomaoh^dnoma. diffMse or algnet ring cell type 
Cotoredum— carcinoma 

Colon— vnious acfenoma 
Colon-^ubLitevlllous adanoma 
Coion-tubulaf Adenoma 
CoJon— hyperplasUc polyp 
lntestin8---lBlornyosaR^ma 
MepatooeOuIarcan^ioma — ^ 
Hepatoblastoma 
Cholanglocarcfnoma 
Pancreaa— adenocarcinoma 
Pancrea^adnar caiclnoma 
Pancreaa-HJtear celt carcinoma 
Pancreas— large cell carcinoma 
Pancroas-^slgnei ring carcinoma 
Pancreas-^ronlc Inflammation 



0/1 

2/24 w 2/9,^2/3^111 
2/8,6^(^1106 

5/10<« 
0/2108 

2/43,M 1/46,«» 

0/40nO/32,wO/3« 
0/1» 

0/5>» 
0/1W 



4/E7,»a/l0«i 



4/4S» 

1/22.»7/82* 



0/1W 

12/14?>a/2» 

46/63"s 
2/B0,«»0/29' 
0/1 « 
0/2«» 




*]nsfiUBs fixed In BouUfe Mhmon, 
OnVcaaes wllhdtolnrt membrane maWngarelnlefpre^ 
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TABLE 10. C^rtMAC-nVATlON IN HUMAN PULMONARY TUMORS. 



Tumor Typa 



Non-small cefi carcinoma 
Epldormold carcfnoma 
AdenocarcTnoma 
Large cell canjinoma 
Small cell carcinoma 
CardnoW tumor 



Amplication 



P/oteIn 
OvarprodueUon 



o/iaoo/io,'^o/6» 

0^1 « 1/13,20 o/7,tii 0/7,67 0/3W 
0/1« 



1/84*? 
4/12« 



allc^,„oo.^,„rtU.dI««,»llTOiiiW«U*j.« """f""* 

cntirr"" "J" -Sk^* 

louna o.e^^>B-2 protein overproduction in 41 oercent (7 nf t7^ ti^««t h . 

cefl carolnoma of the .Idn may contain <^rbh^2 protein, but ft is deS 
TABLE 11. 



\2 



Tumor TVpo 



Amplification 



production 



Protein 
dvar* 
production 



Hematologic malignancies 

Malignant lymphoma 

Acute feukemla 

Acute lymphoblasllo leukemia 

Aoule myeloblastio leukemia 

Chronic leukemia 

Chronic lymphocytlo leukemia 

Chronic myelogenoue leukemia 

Myeloprofifarattve disorder 



0/1857 

0/6W . 
0/SW 

0/157 



\ 



0 o 
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TABLE 12, c>^l>B>2ACTIVATI0NIN HUMAN TUMORS OF SOFT TISSUE AND BONE- 



^ c-ertB-2DNA 
TUmofTypB Ampllffealion 



Sarcoma onOt^v 0/8" 
Matlgnanl fibrous histiocytoma 0/1 <^ 
Uposareoma 

Pleomorphic earcoma o/i 107 

Rhabdomyosarcoma o/i tor 

Odteogenlo sarcoma * 0/2,*^ OfZ^. 

Chondrosarcoma q/i^b^ 

Ewintfs sarcoma Q/ist 

Schwannoma o/1^ 



whether Hie protein level U Increased over that of normal skin » Thyroid 
womomas and adenomas can have low levels of increased c-crfeB-S mRNA. 
One abs^actdescribed low-level <«rtB-2 DNA ampMcatton In onerfta^ 
salhraiy^d pleomorphic adenomas.* » uai 

Correlation of c-BfbB-2 Activation Wltt» Patient Outcome 

Very few studies have attempted to correlate activation in non- 

mammaxy tumors with outcome/Slamon et al»' showed that c-erbB.2 amnliSca- 
tiffli or overexpression in ovarian cawinomas correlates with decf eased survival 
«pecaaUy when xnark^ activation is present However, they did not r^ort the 
Stage, histological grade, or histological subtype of Aese neoplasms. Lothcr 
Si J"^^^' ? "H'^ fe^d « «MTelatio« between 

v^^J'JT? '^/'^^^ P"*^" overproduction, but not between sur- 
vrvd and histolo^cal grade." One abstract slated that c^r6B-2 protein overpro- 
duction m 10 of 16 pulmonaiy adenocarcinomas correlated with decreased 
disease-free interval.™ AnoaerabstisRtdescxfbed*tenden«^foimB,„«,te 

TABLB13. C-erteM ACTIVA-nON IN HUMAN TUMORS QFTHE URINARYTR ACT* 

o-erbB-2 o^tB-i 
mRNA Pioleln 
<HirfcB.2DNA Ove^ Over. 
TtiBiorType Ampinieaiion producttoti proaiieMeH 

KWnej^-fenal eea carcinoma 1/5.»1/4.'<>to/5m o/16"»« 

Wilms' tumor (y4sr ^ 

Pfosiale — adenocaroJnoitia _ _ 

Urinary bladder—carclnotna — . _ 



0/23U 
1/46" 



a^^^^^'^^^'"^^'] '"^f'xI^yi'Mi n«n*6f of cases skidl«i:nte«.<» Is 
9wonaaaup««crtpt. An protein 8ludte9UMdln«ittintAlstochflmioalma^^ 
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TABLE 14. ^^^B-^ACTIVATlOrij^^ 



Skin head and nosk-squamous o/7«» 
call carcinoma . _ 

Salfvavgland-adenocareinoma i/i™ 
Parotid- • 



carcinoma ~" — Qffu 

-■niyrow-anamasttoeardnoma ivi« - - 

Thyrold-papiiiafycarelnemB o«, . ^„ . - 

ThywW-tfdenocaidnoimi 1% 8(tow leveto)«. 

Thyiold— adenoma am, „« *" — 

other neoplasms f^onJZ 
SUMMARY 

which correlates wlA aXl^SoS^ f «StI^tion. 
a^llar, lymph iodes. sSiTK^S^LT"'"? T ^'"^ *° 
lion with other proEnostic f^inl • T ^ cowehte o.er6B.2 aotiva. 

conduslo.3. The S^b^'r^d S^^^ -"W'^^^e 
othe.neopWiru„cle.^TiStrs«7^^ 
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